Background: The prognostic value of the neutrophil-to-lymphocyte ratio (NLR) for nasopharyngeal carcinoma (NPC) remains controversial. This study was designed to provide a more accurate assessment of the prognostic value, based on a meta-analysis.
Introduction
Nasopharyngeal carcinoma (NPC) is one of the common tumors of the head and neck. NPC is rare in most parts of world, except in southern China, where the incidence is as high as 80 per 100,000 person-years. [1] Radiotherapy is the conventional method of treatment for NPC, with 5-year overall survival (OS) rates ranging from 66% to 70%. [2] However, the long-term survival of most patients remains poor because of high rates of local recurrences and distant metastasis after radiotherapy. At present, the commonly used biomarkers for NPC prognosis are tumor stage and metastasis; however, it has been reported that these parameters do not provide sufficiently precise predictions of prognosis. To date, several biomarkers for the prognosis of NPC have been identified, such as C-X-C chemokine receptor type 7 (CXCR-7), [3] lysyl oxidase, [4] and HS1-associated protein X-1. [5] However, few of these markers are currently available in the clinical setting, and some of them were identified based on immunohistochemical stains of tumor tissue, which cannot be applied easily in clinical practice. Therefore, to provide better prognostic assessments in patients with NPC, it remains important to identify biomarkers that are accurate and easy to use. Systemic inflammatory response has been shown to promote cancer progression and metastasis by facilitating angiogenesis, inhibiting apoptosis, and damaging DNA. [6] The neutrophil-tolymphocyte ratio (NLR) is an important biomarker that reflects systemic inflammation. NLR is reported to be a useful biomarker for the prognosis of many kinds of malignancies, including breast cancer, [7] gastric neuroendocrine neoplasms, [8] esophageal squamous cell carcinoma, [9] and nonsmall cell lung cancer. [10] Moreover, NLR is easy to obtain from the results of complete blood counts. Thus, NLR seems to be a promising prognostic biomarker for NPC. To date, several studies have investigated the associations of pretreatment NLR with NPC characteristics and the prognostic value of pretreatment NLR for patients with NPC. However, the results of these studies have been inconsistent. Given the potential prognostic value of NLR, we performed a comprehensive meta-analysis to provide a more reliable assessment of pretreatment NLR as a prognostic biomarker for patients with NPC.
Materials and methods

Search strategy and selection criteria
This meta-analysis was carried out in accordance with the guidelines of the Preferred Reporting Items for Systematic Review and Meta-Analyses statement (PRISMA). Using the following electronic databases, comprehensive searches were performed to identify eligible articles that had been listed before June 2016: PubMed, Cochrane Library, Web of Science, Google Scholar, and Chinese National Knowledge Infrastructure (CNKI). The following search terms were employed: "neutrophil lymphocyte ratio" or "NLR," "nasopharyngeal carcinoma" or "NPC," "prognosis" or "predict," and "survival." Included articles were limited to studies of humans. Conference abstracts were not selected because this form of publication generally contains insufficient data. Relevant articles were also searched using the related articles function in PubMed. References within the identified articles were also searched manually. The study was approved by the Review Boards of the Sichuan Cancer Hospital & Institute.
Inclusion and exclusion criteria
Studies that meet the requirement of the criteria was included in the meta-analysis: the NPC was diagnosis using histopathology methods on the tissue samples; the data of OS or progression-free survival (PFS) in NPC patients was reported before the treatment; the data of hazard ratio (HR) and its 95% confidence interval (CI) were provided, or they could rebuild by P values and other data reported. A study was excluded with any of the following characteristics: abstracts, letters, review articles, case reports, or nonclinical studies. For duplicate or overlapping studies, we selected the most recent ones. Two reviewers (JY and YQ) evaluated all the candidate articles independently. Disagreements were resolved by discussion or upon consensus from a third reviewer (YYL).
Data extraction and quality assessment
The following items of each study were extracted: the first author's name, the year when the article published, the country where the study conducted, total number of NPC patients, the NLR cut-off, the type of study design, duration of follow-up time, and survival data (OS and PFS). The Newcastle-Ottawa Quality Assessment Scale (NOS) [11] was used to evaluate and score the quality of included study by 2 independent reviewers (JY and YQ). The NOS consists of three parts: selection (4 scores), comparability (2 scores), and outcome assessment (3 scores). Discrepancy between reviewers was settled by repeating the study review and discussion or upon consensus from a third reviewer (YYL). Studies that labeled with scores of 6 or higher were considered to be high quality.
Statistical analysis
The pooled HR and associated 95% CI were utilized to quantitatively assess the prognostic value of NLR for patients with NPC. Heterogeneity among studies was assessed using Cochran Q test and the I 2 statistic. Cochran Q test is likely to result in the false acceptance of the null hypothesis (Type II error) disproportionately often, and is therefore likely to be less powerful than evaluations based on I 2 . Therefore, we also used the I 2 test to assess heterogeneity. The I 2 test was documented for the percentage of the observed variation between studies which was caused by heterogeneity rather by chance. Generally, I
2 values <25% can be interpreted as an indicator of mild heterogeneity, I 2 values between 25% and 50% correspond to moderate heterogeneity, and I 2 values >50% correspond to considerable heterogeneity. Both a fixed-effects model (Mantel--Haenszel method) and a random-effects model (DerSimonian--Laird method) were used to calculate pooled HRs and associated 95% CIs. Publication bias was assessed using Egger test and Begg test. All statistical tests in this meta-analysis were performed using Stata 11.2 software (Stata Corp, College Station, TX) with 2-tailed P values. P values <.05 were considered statistically significant.
Results
Study selection and characteristics
The initial search strategy retrieved a total of 68 articles. After screening the titles or abstracts, 35 studies were excluded as they were either duplicate reports, laboratory studies, reviews, case reports, or studies that were irrelevant to the current analysis. Next, the 33 remaining articles were evaluated further. Twentyseven of these articles were discarded for the following reasons: 12 did not provide specific NLR data for OS or PFS, 10 failed to note the cut-off value that had been used to define elevated NLR, and 5 did not provide enough data to calculate the HR and associated 95% CI. Finally, 6 studies [12] [13] [14] [15] [16] [17] with 4359 NPC patients were included in our meta-analysis. A flow chart of the articles selection process is shown in Fig. 1 .
The main characteristics of included studies are shown in Table 1 . All 6 studies were conducted in China with a retrospective designs, and provided the data on TMN stages (Union Internationale Contre le Cancer/American Joint Committee on Cancer TNM classification, AJCC/UICC). Five studies with 2464 patients reported results for NLR and OS, and 5 studies with 4130 patients reported results for NLR and PFS. The quality of the studies was high, and their NOS scores ranged from 6 to 8.
Prognostic value of NLR for OS in patients with NPC
Five studies provided data on OS according to pretreatment NLR for patients with NPC. The pooled results showed that elevated pretreatment NLR was associated with poorer OS (HR = 1.74, 95% CI = 1.45-2.10, P < .01, Mantel-Haenszel method), and no significant heterogeneity was observed between studies (I 2 = 0.0%, P heterogeneity = .804; Fig. 2 ). Egger and Begg tests did not reveal any publication bias among these studies (Egger test: P = .301; Begg test: P = .215).
To identify other parameters that were potentially related to OS in patients with NPC, we conducted subgroup analyses based on several confounders, including treatment method, tumor stage, sample size, NLR cut-off values, and NOS score. The stratified results showed that patients who underwent chemotherapy had better OS than patients who did not undergo chemotherapy (HR = 0.75, 95% CI = 0.45-1.25). Additionally, the subgroup analyses did not show any obvious differences between the OS of NPC patients with early and advanced tumor stages (HR = 2.13, 95% CI = 0.93-4.88) or early and advanced lymphatic stages (HR = 1.77, 95% CI = 0.85-3.68). However, significant heterogeneity was observed across the studies (P heterogeneity < .05). Yin 
After stratifying by the NLR cut-off value that had been used (<3 or ≥3), the pooled estimates remained similar (<3: HR = 1.64, 95% CI = 1.14-2.35; ≥3: HR = 1.78, 95% CI = 1.44-2.21), indicating that NLR was a stable prognostic biomarker for OS in patients with NPC. Further, stratifications by sample size (≥300 or <300) and NOS score (≥7 or <7) showed that the differences in sample size and NOS score did not influence the relation of NLR with OS (both P < .05), suggesting that NLR had reliable prognostic value for NPC, regardless of sample size or NOS score (Table 2 ).
Prognostic value of NLR for PFS in patients with NPC
Five studies provided the data on PFS according to NLR for patients with NPC. The combined data showed that elevated pretreatment NLR was associated with poorer PFS (HR = 1.48, 95% CI = 1.30-1.69, P < .01, Mantel-Haenszel method), and this pooled result was stable in that no significant heterogeneity was observed between studies (I 2 = 0.0%, P heterogeneity = .451; Fig. 3 ). No evidence of publication bias was observed across the studies (Egger test: P = .309; Begg test: P = .214).
The stratified results showed that patients who received chemotherapy had longer PFS than patients who did not (HR = 0.70, 95% CI = .49-0.99). The subgroup analyses showed significant differences between the OS of NPC patients with early and advanced tumor stages (HR = 1.72, 95% CI = 1.10-2.70) and early and advanced lymphatic stages (HR = 1.46, 95% CI = 1.32-1.63). However, there was substantial heterogeneity across the studies, and these results should therefore be interpreted cautiously. [14] 2015
China 2006-2011 229 24-72 I-IV C 3.6 OS R 7 Chen et al [13] [17] 2011 95% CI = 95% confidence interval, HR = hazard ratio, N status = lymphatic stage, NLR = neutrophil to lymphocyte ratio, NOS = Newcastle-Ottawa Quality Assessment Scale, OS = overall survival, Ph = P-value of Q test for heterogeneity test. After stratifying by NLR cut-off values (<3 or ≥3), the pooled estimates remained essentially the same (<3: HR = 1.53, 95% CI = 1.23-1.90; ≥3: HR = 1.53, 95% CI = 1.18-1.99), and no significant heterogeneity was observed across the studies. These results indicate that the different choices of NLR cut-off values did not affect the prognostic value of NLR for PFS. Additionally, the stratifications by sample size and NOS score showed that the different sample sizes and NOS scores did not affect the prognostic value of NLR for PFS (Table 3 ).
Discussion
The present meta-analysis examined the prognostic value of pretreatment NLR for survival in patients with NPC. Our results were obtained by analyzing data on 4359 NPC patients in 6 individual studies, and showed that elevated pretreatment NLR was associated poorer OS and PFS for patients with NPC. Moreover, no significant heterogeneity was observed across the studies, indicating that these results were stable. We also performed subgroup analyses, as stratified by treatment method, tumor stage, lymphatic stage, sample size, NLR cut-off value, and NOS score. The results confirmed that patients with early clinical stages of NPC have better OS and PFS than those with advanced stages. Notably, the results of the subgroup analyses that had been stratified by sample size and NOS score were in agreement with the results of our overall analyses, which further verified the prognostic value of NLR for survival in patients with NPC. In subgroup analyses of NLR, we found that the NLR cut-off values did not have any substantial effects on the associations of NLR with OS and PFS, indicating that NLR was a reliable biomarker for the prognosis of NPC.
Accumulating evidence has demonstrated that inflammation plays a critical role in the pathogenesis of tumors, and that proinflammatory tumor microenvironments are closely related to cancer development and progression. [18, 19] Neutrophils and lymphocytes are 2 important cells that reflect systemic inflammation and immune status. An increased NLR implies an elevated neutrophil count and/or a reduced lymphocyte count. Generally, lymphocytes are considered immune cells and exhibit antitumor function, while neutrophils are viewed as inflammatory cells and influence the cytolytic activities of lymphocytes or natural killer cells. Tumor growth is thought to be affected negatively when large amounts of neutrophils migrate to the tumor microenvironment. [20] [21] [22] Therefore, NLR is a biomarker that reflects the imbalance of pro-and antitumor activities in the host, with respect to inflammatory response.
Compared with other prognostic biomarkers, the advantages of NLR lie in its convenience and cost-effectiveness. NLR is a routine test and does not add extra costs to the patients, making it an especially attractive biomarker for NPC prognosis in the clinical setting. Additionally, several meta-analyses have reported that NLR has prognostic value for a variety of cancers, including breast cancer, [7] gastric neuroendocrine neoplasms, [8] esophageal squamous cell carcinoma, [9] and nonsmall cell lung cancer. [10] To the best of our knowledge, this is the first meta-analysis of associations between elevated pretreatment NLR and survival status in patients with NPC. In line with previous reports on other cancer sites, our study indicated that pretreatment NLR is a promising biomarker for the prognosis of NPC, suggesting that elevated pretreatment NLR could serve as a prognostic biomarker for several kinds of cancers.
The present meta-analysis has several advantages. First, by including 6 studies, our meta-analysis involved a larger sample size than had been obtained in any single study, providing greater statistical power to detect significant associations. Second, all of the HRs used in our meta-analyses were extracted from multivariate analyses that had been performed in the original studies, which could reduce the influence of confounders. Third, both fixed-effects and random-effects models were used in our meta-analysis, which helps to provide a more comprehensive understanding of the results. However, there are also several limitations to this study. First, the number of eligible articles was relatively small, especially in the subgroup analyses, which undermined their statistical power. Second, all of the included studies had retrospective designs; therefore, selection bias, recall bias, and other biases should not be neglected. Third, although no significant publication bias was detected in our study, some publication bias is inevitably latent in meta-analyses, because most original studies publish positive results. Fourth, there are several limitations to Cochran Q test. For example, this method only determines the presence of a change, and does not evaluate the extent of change. Further, it shows poor performance for detecting true heterogeneity among studies, as is significant in meta-analysis. [23] Therefore, we also used the I 2 test to help to ensure that possible heterogeneity could be detected. Fifth, all patients in the included studies were Chinese, and patients from 95% CI = 95% confidence interval, HR = hazard ratio, N status = lymphatic stage, NLR = neutrophil to lymphocyte ratio, NOS = Newcastle-Ottawa Quality Assessment Scale, PFS = progression-free survival, Ph = P-value of Q test for heterogeneity test.
Yin et al. Medicine (2017) 96:29 www.md-journal.com other regions, such as Southeast Asia, were not included. Therefore, our results should be interpreted with caution when extrapolating to patients from other regions. Sixth, Epstein-Barr virus (which is closely related to NPC) and some other factors were not adjusted for in the included studies. Thus, to provide more precise evaluations, there is a remaining need for a welldesigned study that accounts for potential confounders.
Conclusion
This meta-analysis reveals that NLR is a valuable prognostic biomarker for NPC, and that elevated pretreatment NLR might suggest an unfavorable prognosis for NPC patients. However, our findings need to be interpreted cautiously because of the limitations that have listed above. A large-scale study with a prospective design is warranted to further validate the prognostic value of NLR for patients with NPC.
